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PURPOSE: To provide a method of manufacturing a laminated piezoelectric actuator which is enhanced in 
resistance to fracture caused by repetitive driving. 
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* NOTICES * 

Japan Patent 0££ice is not responsible for any 
damages caused hy the use o£ this translation* 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A manufacture method of a laminating mold electrostrictive actuator characterized by being formed spirally 
and connecting within a green sheet with which the laminating of the green sheet of two or more sheets was carried out, 
and this beer hall carried out the laminating of the electrical installation between the layer in a manufacture method of a 
laminating mold electrostrictive actuator coimected and sintered in a beer hall. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the manufacture method of a laminating mold electrostrictive 

actuator about the manufacture method of an electrostrictive actuator. 

[0002] 

[Description of the Prior Art] The electrostrictive actuator is required to drive by small and the low battery. In order to 
fill the demand, the electrostrictive actuator of the laminating mold which carries out the laminating of the green sheet 
of two or more sheets was developed. If the manufacture method of this laminating mold electrostrictive actuator is 
explained, the method of connecting an internal electrode every other layer by the beer hall is leamed as the method of it 
pulling out an internal electrode on the side as one is shown in drawing 1 , and connecting the pulled-out internal 
electrode every other layer on the side, and other one are shown in drawing 2 . 
[0003] 

[Problem(s) to be Solved by the Invention] However, although it was satisfactory even if the electrostrictive actuator 
manufactured by the former method carried out repeat actuation, since electric field were impressed all over the layer, 
about the manufacture method, insulation-ization of the internal electrode pulled out on the side took time and effort, 
and it was not so good for productivity. 

[0004] On the other hand, although the electrostrictive actuator manufactured by the latter method is simple for the 
manufacture method and productivity is high, since in other words the portion which does not have an electrode in the 
beer hall circumference portion of a green sheet every other layer, and the portion to which electric field are not 
impressed exist, the oscillation induction is carried out [ an oscillation ] by electric field will not occur every other layer 
into a beer hall circumference portion. Therefore, when stress concentrated on the portion which the oscillation around a 
beer hall does not generate and repeat actuation was carried out, there was a problem that an electrostrictive actuator 
will break. 

[0005] This invention is made in view of the technical problem which the manufacture method of the electrostrictive 
actuator of the laminating mold mentioned above has, and the object is in offering the manufacture method of the 
laminating mold electrostrictive actuator which improves destruction by repeat actuation in the manufacture method 
which connects electrically by the beer hall where productivity is high. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned object, as a result of inquiring wholeheartedly, 
this invention person etc. acquired knowledge that destruction by repeat actuation is improvable, when distributing 
stress concentration around a beer hall, and completed invention described below. 

[0007] That is, this invention makes it a summary to consider as a manufacture method of a laminating mold 
electrostrictive actuator characterized by being formed spirally and connecting within a green sheet with which the 
laminating of the green sheet of two or more sheets was carried out, and this beer hall carried out the laminating of the 
electrical installation between the layer in a manufacture method of a laminating mold electrostrictive actuator 
connected and sintered in a beer hall. 

[0008] Since a beer hall was formed on a line as conventionally shown in drawing 2 , a result by which stress 
concentrates on a beer hall circumference portion altogether, and is destroyed at the time of actuation had been brought. 
Since stress which was being concentrated on a beer hall circumference portion by forming a beer hall spirally one by 
one from a top at the time of actuation distributes spirally as this shows drawing 3 , a result which destruction does not 
produce even if it carries out repeat actuation is brought. 

[0009] Although stress will be further distributed if this beer hall is formed at random, since productivity falls since it is 
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necessary to arrange all printing patterns on each class and cost also goes up further, if periodicity is given to a location 
and this is spirally formed in it, since a printing pattern is sharable, it becomes possible to prevent lowering of 
productivity, and does not incline toward a degree by which stress is not destroyed, either, but distributes uniformly. 
[0010] When a manufacture method described above is further stated to details, as long as it is the method of producing 
an electrostrictive actuator, what kind of method may be used, but if an example is given, as a raw material, raw 
material powder for electrostrictive actuator manufacture will be first, blended so that it may become a predetermined 
presentation, and it will mix with a mill. A green sheet of desired thickness is produced by tiie shaping method of 
common use of a mixed slurry, such as a doctor blade method and an extrusion process. 

[00 11] Punching is carried out and a beer hall is formed so that it may become spiral one by one every two or more 
sheets at a produced green sheet. After filling up a formed beer hall with a conductor by printing, an electrode is formed 
by printing all over the upper surface of the maximum upper layer of a green sheet, and an underside of the lowest layer, 
and an internal layer forms an internal electrode so that it may connect with a beer hall every other layer, as it is shown 
in drawing 3 . After it carries out thermocompression bonding of the green sheet in which an electrode was formed and 
it carries out a laminating at a necessary number-of-sheets pile and predetermined temperature, the layered product is 
sintered at predetermined temperature. A sintered sintered compact is cut in predetermined magnitude, predetermined 
direct current voltage is impressed to a cut sintered compact, and an electrostrictive actuator is produced by carrying out 
polarization processing. 

[0012] If it manufactures by above methods as above, a laminating mold electrostrictive actuator which is not destroyed 

even if it carries out repeat actuation will be obtained. 

[0013] 

[Example] Hereafter, the example of this invention is given with the example of a comparison, and this invention is 
explained more to details, referring to a drawing. 
[0014] (Examples 1-2) 

(1) D material Made from MEGASERA (trade name) used for electrostrictive actuators in the shaping example 1 of a 
green sheet — moreover, in the example 2, the binder was added to the powder of C material Made from MEGASERA 
(trade name), it mixed to it, and the slurry was produced. The green sheet with a thickness of 150 micrometers was 
fabricated for the slurry with the doctor blade method. 

[0015] (2) One layer and three layers formed [ the green sheet in which the electrostrictive actuator carried out 
production shaping ] the beer hall whose diameter is 1 50 micrometers in the location shown to drawin g 3 that it is the 
same and 98 layers and 100 layers connect [ three layers and five layers ] eventually below with punching equipment at 
the positive electrode. Moreover, four layers and six layers formed the beer hall in the location shown to drawing 3 that 
it is the same and 99 layers and 101 layers connect eventually below, and two-layer and four layers filled up the 
conductive paste of Ag as well as a negative electrode into those holes with the printing machine. 
[0016] Next, it reached all over the upper surface of one layer of this green sheet, and the Ag-Pd paste was printed all 
over the underside of 101 layers, and further, henceforth [ two-layer ], except for the periphery of that beer hall, Ag 
paste was printed so that it might not be connected with the upper layer. After piling up 101 layers of green sheets which 
printed these electrodes, thermocompression bonding was carried out and the laminating was carried out. This layered 
product was sintered, after cutting the sintered sintered compact in 10mm long and 10mm wide magnitude, the direct 
current voltage of 3000v/mm was impressed to that sintered compact, polarization processing was carried out and the 
electrostrictive actuator was produced. 

[0017] (3) The electrostrictive actuator which carried out assessment production measured the piezo-electric property in 
order to see whether it is a normal piezo electric crystal. The destructive condition of an electrostrictive actuator 
presupposed that the voltage of 150V was impressed, repeat actuation was carried out, it investigated whether it would 
drive normally and that abnormalities were accepted to be to actuation was destroyed. Those results are shown in a table 
1. 

[0018] (Examples 1-2 of a comparison) For the comparison, in the example 1 of a comparison, the green sheet of an 
example 2 was used, the electrostrictive actuator was produced [ as shown in drawing 2 , the beer hall was formed on a 
Une, and also ] like the example, and it evaluated by the example 2 of a comparison of an example 1 . Those results are 
also shown in a table 1 . 
[0019] 
[A table 1] 
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[0020] In the example, there are especially no abnormalities in a piezo-electric property, it could drive normally, and 
actuation was able to be continued still more satisfactory so that clearly from a table 1 . 

[0021] On the other hand, since the same green sheet as an example is used for the example of a comparison, although it 
is normal in a piezo-electric property, in the example 1 of a comparison, the electrostrictive actuator has been destroyed 
in early stages of actuation. Moreover, the example 2 of a comparison has also been destroyed by repeat actuation. 
[0022] 

[Effect of the Invention] When manufacturing by the method concerning this invention as above, even if it was the 
electrostrictive actuator of the laminating mold which connects an intemal electrode in a beer hall, the actuator which is 
not destroyed even if it carries out repeat actuation came to be obtained. Moreover, since there were also few printing 
patterns, lowering of productivity and lifting of cost were also slight. By this, the electrostrictive actuator which can be 
used for a long time can be manufactured now cheaply and easily. 



[Translation done.] 
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[Drawing jl 
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